We try to infer the location of the GeV emission region for 21 flat spectrum radio quasars (FSRQs) with quasi-simultaneous spectral energy distributions (SEDs), in which the SEDs of 21 FSRQs are reproduced by the one-zone leptonic model including the synchrotron-self Compton (SSC) and external Compton (EC) processes. We suggest that the X-ray emission could be produced by the SSC process and the GeV emission could come from the EC process. The EC emission could originate from the inverse Compton (IC) scattering of photons from the broad line region (BLR) and accretion disk or dust torus by the same electron population, which mainly depend on the location of the γ-ray emission region. We propose a method to constrain the location of the GeV emission region based on the spectral shapes. When the GeV emission is located within the BLR, the IC scattering could occur at the Klein-Nishina regime and produce a broken/steep spectrum in the GeV energy band. When the GeV emission is produced outside the BLR, the IC scattering could take place at the Thomson regime and the GeV spectrum would have the same spectral index as the opticalinfrared spectrum. We infer that the location of the GeV emission region is inside the BLR for 5 FSRQs and beyond the BLR for 16 FSRQs. Our results show that the ratio of the magnetic field and electron energy density is close to equipartition condition for 21 FSRQs.
INTRODUCTION
Blazars are the most extreme subclass of Active Galactic Nuclei (AGNs). Their radiation is considered to originate in a relativistic jet oriented at a small angle with respect to the line of the sight. They show strong and rapid variability, high and variable polarization, and superluminal motions, etc. There are two subclasses of blazars, namely flat spectrum radio quasars (FSRQs) and BL Lac objects. BL Lacs have weak or absent optical emission lines, while FSRQs usually show strong broad emission lines. The spectral energy distributions (SEDs) of blazars are dominated by non-thermal emission and consist of two distinct, broad components. It is generally agreed that the low component of their SEDs is produced by synchrotron emission from the relativistic electrons, whereas the origin of high component is still a matter of debate. There are two classes of models to explain high energy emission: leptonic model ⋆ E-mail: gcao@ynao.ac.cn † E-mail: jcwang@ynao.ac.cn and hadronic model. In the leptonic model, the high energy emission is produced by inverse Compton (IC) scattering of the soft photon fields (e.g., Böttcher 2007a), in which soft photons are the synchrotron photons within the jet (the SSC process; Maraschi et al. 1992; Bloom and Marscher 1996; Zhang et al. 2012 ) or the photons external to the jet (the EC process). These external photons are the UV accretion disk photons (Dermer & Schlickeiser 1993) or the accretion disk photons reprocessed by broad line region clouds (Sikora, Begelman & Rees 1994) or the infrared (IR) photons from the dust torus (Blaźejowski et al. 2000) . In the hadronic model, the high energy emission originates from proton synchrotron or photonhadronic interaction (Mannheim 1993; Mücke et al. 2003; Böttcher, Reimer & Marscher 2009 ).
Since the emitting region is unresolved, the location of GeV γ-ray emission region is still an open issue. Is the location within the BLR at sub-pc scale or beyond the BLR at pc scales where the torus IR emission dominates? Tavecchio et al. (2010) argued that the emission region is within the BLR based on the rapid γ-ray vari-ability. Poutanen & Stern (2010) explained the Fermi GeV spectral break as the result of pair absorption on the He Lyman recombination continuum and lines from the BLR, implying that the GeV emission is within the BLR. However, the multiwavelength variability and very long baseline array images(VLBI) in the jets of several blazars placed the GeV emission at few pc distance from the black hole (Marscher et al. 2010; Jorstad et al. 2010; Agudo et al. 2011 ). Sikora, Begelman & Rees (2009) suggested that the γ-rays are produced by Compton scattering of the IR photon from dust torus due to the lack of bulk-Compton and KleinNishina (KN) effects. Sahayanathan & Godambe (2012) reproduced the SEDs of 3C 279 using the one-zone leptonic model, they suggested that the observed very high energy (VHE) emission from this source supports an EC origin of the seed photons from the dust torus. Recently, Liu, Bai & Wang (2011) proposed a method to constrain the γ-ray emission position by the observed time lags of γ-rays relative to the broad emission. Dotson et al. (2012) proposed a diagnostic test for the location of the GeV emission based on the energy dependence of the GeV variability. When the GeV emission locates with the BLR, the IC scattering could take place at the KN regime, in which the electron cooling time almost becomes energy independent and the variation of the γ-ray emission is expected to be achromatic. When the emission site locates outside the BLR, the IC scattering could take place in the Thomson regime, in which the GeV variability caused by electron cooling is energy dependent and faster at higher energy. But the above methods only apply to a small number of bright Fermi blazars.
We propose a diagnostic test for the location of the GeV emission based on the spectral shape. The basic view is the following as: when the GeV emission is outside the BLR, the IC scattering takes place at the Thomson regime, in which the GeV spectral index is the same as the synchrotron index; when the GeV emission is within the BLR, the IC scattering takes place at the KN regime and produces a broken spectrum. We reproduced the simultaneous SEDs of 21 blazars given by Abdo et al. (2010b) to test the location of the GeV emission.
In Section 2, we describe the GeV spectral features. In Section 3 we present the method to reproduce the SEDs using a one-zone leptonic model with the SSC and EC processes. In Section 4 we apply the method to 21 blazars. Throughout this paper, we adopt the cosmological parameters of H0 = 70km · s −1 · M pc −1 , Ωm = 0.3, ΩΛ = 0.7.
THE GEV SPECTRAL FEATURES
The Large Area Telescope LAT onboard the Fermi satellite provides unprecedented sensitivity in the γ-rays (20 MeV−300 GeV), and has observed 106 bright γ-ray sources with high confidence in the first three months of operation (Abdo et al. 2009c) , which is called the LAT bright AGN sample (LBAS). The LBAS contains 58 FSRQs, 42 BL Lac objects, 2 radio galaxies and 4 blazars of unknown type. Abdo et al. (2010b) gave the quasi-simultaneous SEDs of 48 blazars with the Fermi, Swift and other observations. Recently, Giommi et al. (2012) presented the simultaneous SEDs of 105 blazars, in which the synchrotron peak of FSRQs is at νs ∼ 10 13 Hz, while the IC peak is at νc ∼ 10 22 Hz. The simultaneous SEDs are important for us to understand the physical properties in the jet of blazars. We collect the quasi-simultaneous SEDs of 21 FSRQs which are taken from Abdo et al. (2010b) .
We use a power-law model to fit the optical and GeV spectra. If the GeV spectrum shows a break, we use a broken power-law model to fit the GeV spectrum. The fitting results are listed in table 1. We classify them as two classes based on the spectral shapes. First class includes 5 sources, in which the optical spectra are steeper than the GeV spectra. For the 3 sources (4C 66.20, PKS 0454-234, and PKS 1502+106) , their GeV spectrum may show a break at a few GeV energy despite the large errors. For PKS 1454-354, the GeV spectrum of this source may show a break at ∼ 1 GeV from our fit, which is near the transition energy from the Thomson regime to KN regime. Furthermore, we also can't exclude that the broken energy is about at a few GeV energy due to the few data points and the large statistical errors. For S4 0133+47, the GeV spectrum of this source may be consistent with a power-law, and show a break at a few GeV energy. However, we can't identify the broken energy because of the few GeV data. Second class has 16 sources, in which the GeV spectra have a power-law shape similar to the optical spectra, and the IC peak frequencies could be at νc ∼ 10 22 Hz. However, the optical index of PKS 0347-211 is slightly larger than the GeV index because the optical data shows a curved spectrum. For PKS 0227-369, the optical spectrum is also steeper than the GeV spectrum due to large data error in infrared band. For the 4 sources (PKS 0208-512, 3C 273, B2 1520+31, and PKS 0347-211), their GeV spectrum may be of a power-law shape in low energies and show a break at the GeV highest energy end. The spectral break for these sources may be caused by the high-energy cutoff in the electron distribution when the emission region is outside the BLR. For PKS 0347-211, we can reproduce the optical and GeV spectrum by adjusting the electron highenergy cutoff, although the optical spectra is slightly steeper than the GeV spectra. The optical and GeV spectrum may reflect an intrinsic break in the electron distribution for this source.
We know that the mean energy of the IC scattering is given by
where δD is the Doppler factor of the jet, γ ′ is the Lorentz factor of electron, and ǫ0 is the energy of soft photon (unit of mec 2 ). The condition for the Thomson scattering is
Combining above equations, we get a critical energy ǫc ≃ 3 32ǫ 0 , which is not sensitive to the Doppler factor and only depends on the energy of soft photon. The energy of soft photon from the BLR is ǫ0 ≃ ǫLyα = 2×10 −5 , we can obtain the critical frequency νc ≃ 6×10 23 Hz (Ec ∼ 2.4GeV), which is very close to the broken energy in 5 FSRQs. The broken spectrum could be caused by the KN effect, implying that the GeV emission is produced within the BLR. The energy of soft photon from the dust torus is ν0 ≃ 1 × 10
13 Hz, we can obtain the critical frequency νc ≃ 5 × 10 25 Hz, in which the IC scattering is in the Thomson regime and produces a power-law spectrum below the critical energy. We infer that the GeV emission could be produced outside the BLR for 16 FSRQs. In the next section, we present the detail model to produce the quasi-simultaneous SEDs of 21 FRSQs for testing our method.
MODEL
We consider a spherical blob of the jet moving with Lorentz factor Γ at a small angle θ with the line of sight, which is filled by relativistic electrons with a uniform magnetic field. The radiation from the emission region is produced by both the synchrotron radiation and the IC scattering of relativistic electrons. The relativistic effects are described by the Doppler factor δD ≃ Γ, where we assume a view angle of θ ≃ 1/Γ. The electron spectrum is described by a broken power-law distribution with the form
where γ ′ b is broken Lorentz factor, p1,2 are the indices of electron distribution below and above γ ′ b , and α1,2 = (p1,2 −1)/2 are the observed spectral indices below and above the synchrotron peak. Throughout the paper, the unprimed quantities refer to the observer's frame, while the primed ones to the blob's frame. Photon and electron energies are expressed in reduced units of mec 2 . The synchrotron flux νFν is given by (Saugé & Henri 2004; Finke, Dermer & Böttcher 2008) 
where
}, e is the electron charge, B is the magnetic strength, h is the Planck constant, Kα is the modified α-order Bessel function, dL is the luminosity distance of the source with the redshift z, and ǫ = δDǫ ′ /(1 + z) is the dimensionless synchrotron photon energy in the observer's frame.
The SSC flux νFν is given by (Finke, Dermer & Böttcher 2008) (5) where σT is the Thomson cross-section, R ′ b is the radius of the emitting blob, and ǫs = δDǫ ′ s /(1+z) is the dimensionless scattered photon energy in the observer's frame. The function F (q, Γe) is given by
and Γe = 4ǫ ′ γ ′ . In the EC mechanism, the soft photons for the IC scattering include accretion disk photons, reprocessed disk photons by the BLR cloud and IR photons from a dust torus. When the GeV emission region is within the BLR, we consider the photons from accretion disk and the BLR cloud. When the GeV emission region is outside the BLR, we consider the photons from the dust torus. The thermal emission from the accretion disk is calculated by assuming a standard thin disk (Shakura & Syunyaev 1973) . The EC emission from the accretion disc is calculated by using the formulation given by Ghisellini & Tavecchio (2009) . We assume that the external radiation field from the BLR or dust torus is characterized by an isotropic blackbody with temperature T = hν peak /(3.93kB ), where ν peak is the peak frequency of this component in a νFν plot. The νFν spectrum of the EC process is given by (Maraschi & Tavecchio 2003; Finke & Dermer 2012) (6) where Θ ′ = kBT ′ /mec 2 is dimensionless temperature, and kB is the Boltzmann constant. In the comoving frame, the soft photon energy is shifted to ǫ 10 45 erg·s −1 cm (Kaspi et al. 2007; Bentz et al. 2009 ). The SED of the BLR can be well approximated as an isotropic blackbody with a peak frequency of ν peak ≃ 1.5νLyα ≃ 3.7 × 10 15 Hz . rBLR is adjusted to agree within a factor of 2 with the value given by the reverberation mapping in our SED modelling. For the dust torus, its SED is described as an isotropic blackbody with the temperature from T = 200 K (Landt, Buchanan & Barmby 2010) to 1200 K (Malmrose et al. 2011) . The inner radius of the dust torus is rIR ≃ 2.5 × 10
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L d 10 45 erg·s −1 cm Nenkova et al. 2008) . The total IR luminosity of the dust is LIR ≃ 4πr 2 IR σSBT 4 , where σSB is the StefanBoltzmann constant. The covering factor of the IR cloud can be estimated as LIR/L d . We can estimate the location of the emission region from the black hole using the covering factor as r ≃ 0.5(
For a broken electron distribution, there is Fν ∝ ν α 2 above the synchrotron peak frequency. When the IC scattering is in the Thomson regime, there is Fν ∝ ν α 2 above the IC peak frequency, implying that the synchrotron and IC spectra above the peak frequencies have the same spectral index. However, when the IC scattering takes place at the KN regime, the synchrotron and IC spectra above the peak frequencies have different shapes. We try to constrain the location of the GeV emission by the spectral shapes.
APPLICATION
We use the model described in Section 2 to reproduce the quasi-simultaneous SEDs of 21 FRSQs for inferring the location of the GeV emission, in which the observed data of these 21 FSRQs are taken from Abdo et al. (2010b) . We report the observed minimum variability time-scale when they are available from the literature. The observed minimum variability time-scale constrains the size of the emission region via R ′ b δDctvar/(1 + z). There is a strong blue component in the SEDs of 3C 273 which could be the emission from accretion disk (Abdo et al. 2010b ). The thermal emission from accretion disk is generally swamped by the strong beaming jet emission. There are no prominent blue components in UV energies for the other sources. The accretion disk luminosity and the mass of the black hole are either obtained from the literature or derived through the SED modelling. The modelling parameters are listed in Table 2 -5 for 21 FSRQs. It can be found that when the emission is inside the BLR, the magnetic field B is about a few G and the energy density uBLR is about 10 −2 − 10 −3 erg · cm −3 , and the location of the emission from the central engine is r 0.1 pc. When the emission is outside the BLR, B ∼ 0.1 − 1 G, uIR ∼ 10 −4 − 10 −6 erg · cm −3 , the location of the emission is at a few parsecs up to tens of parsecs from the central engine, and the temperature of dust is T ∼ 200 − 700 K. The previous studies also suggested the presence of a warm dust with the temperature 150 − 800 extension up to a few tens of parsec (Jaffe et al. 2004; Cleary et al. 2007; Landt, Buchanan & Barmby 2010) . In both cases, the Doppler factor δD is from 15 to 28 which is consistent with ones measured by VLBI for FSRQs (Jorstad et al. 2005) . The γ ′ b is clustered at 1×10 3 , which is consistent with the values given by Ghisellini et al. (1998) and Ghisellini, Celotti & Costamante (2002) . The electron spectral index below the broken energy is p1 ∼ 2, which is expected by the fast cooling regime for the FSRQs (Ghisellini, Celotti & Costamante 2002; Finke 2013) . The size of the emitting region from the SED modelling corresponds to the variability time-scale of a few days, consistent with the day-scale variability seen in most Fermi-detected FSRQs. Our results suggest that the physical parameters in the emission strongly depend on the location of the emission region. It is obvious that the magnetic field, the size of the emission region and the energy density are higher when the emission region is nearer to the black hole. On the other hand, the shapes of the γ-ray spectra are also significantly different when the γ-ray region is inside or outside the BLR.
The equipartition parameter between the comoving electron and magnetic field energy density is calculated as
3 is electron number density per volume. Our results show that the ratio of the magnetic field and electron energy density is near equipartition for all sources, which is consistent with the SED modelling of FSRQs, typically 0.1 κeq 1. In fact, if the X-rays of FRSQs are produced by the SSC process, the γ ′ b will not be large and can be estimated by 
where νc and νs are the SSC and synchrotron photons corresponding to X-ray and radio bands. It is shown that the electrons could not be accelerated to the high energy due to the fast cooling by strong external photon field. Ghisellini et al. (2010) reproduce the SEDs of the 57 FSRQs assuming the emission region locating at the 0.01 − 0.5 pc from the central black hole, however most of the multi-wavelength data they used are not simultaneous or quasi-simultaneous. We reproduce the quasi-simultaneous SEDs of 21 FRSQs using the one-zone leptonic model, which is shown in Figure 1 -2. It is shown that the SSC model can't explain the SEDs of the FSRQs alone, implying that the GeV emission originates from the EC process, and the X-ray emission is produced by the SSC process.
The quasi-simultaneous SEDs of 5 FRSQs are reproduced by the SSC and IC scattering of photons from the disk and BLR by the electrons, which is shown in Figure  1 . It can be seen that the GeV emission comes from the combination of the Compton-scattered disk and BLR radiations. Besides, the observed GeV spectrum steeps at a few GeV energy which is near the transition energy from the Thomson to the KN regime. It is obvious that the broken spectrum at the GeV bands is caused by the KN effect for 5 FRSQs. We can't obtain an acceptable fit to the observed GeV spectrum using a dust torus model. On the one hand, the optical and GeV spectrum have different shapes. On the other hand, the photon energy from the dust torus is too low to produce γ-ray with the broken spectrum when γ ′ b ∼ 10 3 . It is noted that the soft photon energy from the BLR is 100 times larger than one from the dust torus. The threshold for γ − γ absorption from the BLR radiation implies that the γ-rays with energy ǫ1 > 2 ǫ Lyα ≃ 1 × 10 5 (ν1 > 1 × 10 25 Hz) will be absorbed (Finke & Dermer 2010) , in which the energy is above the highest energy photon observed with the Fermi-LAT in our sources except for PKS1502+106 whose highest energy photon is at ν ≃ 3 × 10 25 Hz. However, the IC scattering could't reach such high energy due to the KN effect in our model, we will neglect the absorption from the BLR. The quasi-simultaneous SEDs of 16 FRSQs are reproduced by the SSC and IC scattering of photons from the dust torus by the electrons, which is shown in Figure 2 . It can be seen that the observed GeV spectrum has a similarly power-law shape and the IC peak frequency is at νc ∼ 10 22 Hz. We can obtain an acceptable fit to the observed GeV spectrum using a dust torus model, because the IC scattering takes place at the Thomson regime, which produce a power-law spectrum below the high energy spectrum cut-off and the IC peak energy is very close to the peak energy of SED. The 4 sources out of 16 FRSQs show a spectral break at the GeV highest end. We can produce the broken spectrum by adjusting the high-energy electron cutoff, γmax. We suggest that the spectral break is caused by an intrinsic break in the electron distribution. However, we can't provide an acceptable fit to the observed SED using a BLR model, because the photon energy from the BLR is too high to produce an IC spectrum with peak energy at ∼ 10 22 Hz when γ ′ b ∼ 10 3 . We can estimate the frequency of the soft photon by the IC peak frequency, given by ν0 ≃ 3×10 13 ( νc 10 22 Hz )(
−2 Hz, which is consistent with the frequency from the dust torus emission.
The quasi-simultaneous optical-IR and γ-ray data are important in the test of our method. In the Thomson regime, the γ-ray spectrum should have the same spectral index as the optical-IR spectrum. But in the KN regime, the γ-ray spectrum should be softer than the optical-IR spectrum. However, there are only a few optical data for many sources, future observations in optical-IR bands are needed. We only infer that the GeV emission is produced within the BLR for 5 FSRQs and outside the BLR for 16 FSRQs based on the quasi-simultaneous data from Abdo et al. (2010b) . The mean IC peak frequency is < νc >≃ 10 22 Hz for the most powerful blazars (Giommi et al. 2012) , implying that the IC scattering usually is in the Thomson regime, and supporting that the GeV emission region is outside the BLR for the most FSRQs.
CONCLUSION AND SUMMARY
The origin of GeV spectral break is still unknown. Finke & Dermer (2010) suggested that a combination of disk and BLR scattering components can produce the spectral break, but this solution requires a BLR with a wind-like profile. Poutanen & Stern (2010) suggested that the spectral break is caused by the absorption from the BLR, however, this explanation has been brought into question (Harris, Daniel & Chadwick 2012) . Recently, Cerruti et al. (2013) suggested that the spectrum break of 3C 454.3 is produced by the KN effect, as has been proposed to explain the SED of PKS 1510-089 (Abdo et al. 2010c) . The KN effect due to the up-scattered BLR radiation would produce a broken spectrum at a few GeV energies. Since the broken energy is insensitive to the Doppler factor and only depend on the energy of soft photon, the broken energy approximately keeps constant due to the KN effect. The observed broken spectrum doesn't significantly vary with the flux states, it is very likely that the broken spectrum is caused by the KN effect. We suggest that the broken spectrum of 5 FSRQs is caused by the KN effect. To date, three FSRQs have been detected at the VHE γ-ray (Lindfors et al. 2013 ). The VHE photons are severely attenuated by the BLR photon through pair production if the emission region is located inside the BLR (Liu & Bai 2006; Sitarek & Bednarek 2008) . However, if the emission region is located far beyond the BLR, the VHE photons can avoid the severe γ-γ absorption and the KN effect has a weak effect on the VHE spectrum until the energy is far larger than 10 25 Hz. Furthermore, Abdo et al. (2009b) suggested that the spectral break may be caused by the high-energy cutoff in the electron distribution when the emission region is outside the BLR. This is also in accordance with our results for 4 FSRQs. We suggested that the GeV emission from 16 FSRQs is produced by the IC scattering of the IR photons from the dust.
We try to infer the location of the GeV emission for 21 FSRQs with quasi-simultaneous SEDs based on the spectral shapes, in which the SEDs of 21 FSRQs are reproduced by the one-zone leptonic model including the SSC and EC processes. Our results suggest that the X-ray emission could be produced by the SSC process and the GeV emission could originate from the EC process, in which the EC emission originates from the IC scattering of photons from the disk and BLR or dust torus by electrons. When the GeV emission is produced within the BLR, the IC scattering could occur at the KN regime and produce a broken spectrum at the GeV bands. When the GeV emission is produced outside the BLR, the IC scattering could take place at the Thomson regime and produce a GeV spectrum similar with electron distribution. We infer that the GeV emission region of 5 FSRQs and 16 FRSQs is located within and outside the BLR based on the quasi-simultaneous data, respectively. In this case, we find that the magnetic field and electron energy density are near equipartition. Table 1 . A simple power-law or broken power-law fit for the spectra of 21 FSRQs. α GeV,1 and α GeV,2 are the energy spectral index of the GeV spectrum from the broken power-law fit below and above the broken energy E b . α GeV is the energy spectral index of the GeV spectrum from the power-law fit, α Opt is the energy spectral index of the optical spectrum from the power-law fit Table 2 . Model parameters used in our SED modelling for 5 FSRQs. Note. Columns 11 is the expected minimum variability time-scale from the SED modelling. Table 3 . Model parameters used in our SED modelling for 5 FSRQs.
Name Note. Column 4 is the location of the emission region from the central engine by the SED modelling. Columns 7 and 8 are the black hole masses in the unit of 10 9 M ⊙ and the references. Table 4 . Model parameters used in our SED modelling for 16 FSRQs. Table 5 . Model parameters used in our SED modelling for 16 FSRQs. The location of the γ-ray emission region 11 
